Introduction
The many novel series of 3(2H)-pyridazinones that havecharacteristic pharmacological and biological activities are stimulating great interest in medicine [1] . Very recently, we studied some 3(2H)-pyridazinone compounds [2] [3] [4] [5] . In this content, as a continuation of our spectroscopic and quantum chemical calculation studies on the mentioned pyridazinones, we found that the 4-ethoxy-2-methyl-5-(4-morpholinyl)-3(2H)-pyridazinone isalso to be worth to investigate by using the FT-IR and UV-vis spectroscopies and quantum chemical calculations [6] [7] [8] [9] [10] [11] [12] . However, the spectral and theoretical studies on this compound used as an analgesic and anti-inflammotory drug in the pharmacologywere not taken place in the literatureto our best knowledge.
The 4-ethoxy-2-methyl-5-(4-morpholinyl)-3(2H)-pyridazinone compound has two scaffold six-membered rings called pyridazinone and morpholinewhich is considered an important building block in the medicine chemistry field [11, 12] . However, the pyridazinone ring has two adjacent nitrogen atoms at 1 and 2 positions in a six-membred ring and a carbonyl group at 3 position while the morpholine block possess one nitrogen and an oxygen atoms in the ring [13, 14] .
On the other hand,the DFT (density functional theory)as a quantum chemical calculation methodhas been extensively used to determine the structure-molecular properties, i.e. IR, Raman, UV-vis. spectra and 1 H and 13 C NMR chemical shifts. Besides, the thermodynamic and electronic properties (HOMO, LUMO, NBO, NLO and MEP) of polyatomic molecules have been investigated to make up for the experimental deficients [15, 16] .A number of DFT methods (local, gradient corrected and hybrid) have been exhibited by considering the continual developments on the approximations forelectronic correlation effects and exchange potentials [16] . In the literature, the B3PW91, B3LYP, HSEH1PBE hybrid methods have been commonly reported for mentioned properties [17] [18] [19] [20] [21] [22] .In this framework, the HSEH1PBEmethod was used by choosing adequate basis set for our present work.
The present work is to report the results of FT-IR and UV-vis (in ethanol solvent) spectra the 4-ethoxy-2-methyl-5-(4-morpholinyl)-3(2H)-piridazinone compound at room temperature. Furthermore, the optimized molecular structure, conformational analysis,vibrational frequencies, 1 H and 13 C NMR chemical shift valuesboth in gas phase and in CHCl 3 solvent, the maximum electronic absorption wavelenghts, HOMO-LUMO energy gaps, the NBO analysis and NLO parametersof the title compound calculated at the HSEH1PBE level of the theory with thebasis set 6-311++G(d,p). InfinityPlus spectrometer at 300 and 75 MHz, respectively.The UV-vis spectrum of the title compound was recorded by using a PG Instrument T80+ ultraviolet spectrophotometer at room temperature. The ultraviolet visible spectrum of the mentioned compound solved in ethanolwas verified with spectral bandwidth 2 nm and quartz cell 1 cm.
Computational Details
DFT calculations were performed with the GaussView 5 molecular visualization program and Gaussian 09 program package [23, 24] .The optimized molecular geometry, vibrational frequencies and electronic properties ofthe title compound in ground state were investigated usingHSEH1PBEmethod with 6-311++G(d,p) basis set [20] [21] [22] .Due to the wellknown systematic errors, the neglect of anharmonicity, incomplete treatment of electron correlation and basis set truncation, the calculated vibrational frequencies are usually obtained as larger than the observed values [25] .For this reason, the calculated vibrational frequencies of the title compound were scaled as 1.001 for frequencies less than 800 cm -1 and 0.961for frequencies higher 800cm -1 at the HSEH1PBE /6-311++G(d,p) level [26] .The percentage weightings of the contributions of the internal coordinates to the frequencies for the title compound were calculated by considering vibrations which are higher weightage than 2%.
On the other hand, the optimized molecular structure of the title molecule was first obtained at the HSEH1PBE/6-311++G(d,p) level by using the conductor-like polarizable continuum method (CPCM) and then, the 1 H and 13 C NMR chemical shifts were calculated using the gauge-including atomic orbital (GIAO) method based on optimized at the mentioned levelsboth in gas phase and in CHCl 3 solvent for the NMR computations [27] . The UV-vis spectra both in gas phase and in ethanol solvent were obtained using the time dependent DFT (TD-DFT/HSEH1PBE) method [28, 29] . Furthermore, the FMO and MEP
(molecular electrostatic potential) analyses of the title compound were performed by using DFT/HSEH1PBE method with 6-311++G(d,p) basis set and their 3D plots were verified.
4.Results and discussion

4.1.Molecular structure
The optimized molecular structure of the title compound was calculated using DFT at the HSEH1PBE/6-311++G(d,p) level and its atom numbering is shown in Fig. 1 . Furthermore, the selected some optimized molecular geometry parameters of the title molecule are given in Table 1 which also includes the experimental values obtained for the 6-methoxy-5-morpholino-2-phenyl-3-pyridazinone as the most closely related structure in the literature in order to compare to our calculated results [30] . Furthermore, by considering some selected dihedral angles of the title compound exhibited in Table 1 .We should express that the compound under investigation is a non-planar molecule.
In this framework, a conformational analysis of the title compound was performed by considering the C11-O21-C24-C-31 dihedral angle as seen in Fig. 2 . Hartree energy and 88.1138 o with -818.631 Hartree energy, respectively.Therefore, the most stable conformer of the title compound becomes the conformer A which for selected dihedral angle is given in Fig. 1 .
4.2.Vibrational analysis
The experimental and simulatedIR spectra of the title compound are shown in Fig. 3 . The calculatedvibrational frequencies at the HSEH1PBE/6-311++G(d,p) leveland vibrational frequency assignments of the title compound are summarized in Table 2 . As seen in Table 2 , the assignments of vibrational frequencies were performed by using PED analysis. On the other hand, the observed frequency value of the C=O stretching mode in the pyridazinone ring of the title molecule arises at 1633.71cm -1 as seen in Fig. 3 as seen in Table 2 .
As for the ν(C=N) stretching modeof pyridazinone ring of the title molecule observed at 1616.13 cm -1 was calculated as 1602.87 at the HSEH1PBE /6-311++G(d,p) level which are coupled by ν(C-C) stretching vibration. Furthermore, the ν(C-N) stretching modes observed at 
3. NMR analysis
In theoretical NMR (nuclear magnetic resonance) spectroscopy, the more reliable calculation of the isotropic chemical shifts provide the more accurate predictions of molecular geometries [39, 40] . In this content, as explained in Section 3 first, the 1 H and 13 C NMR chemical shift values were calculated at the mentioned level by using GIAO model. Figure 3 and Fig. 4 (a) and Table 3 ).
On the other hand, by considering the carbon-13 NMR chemical shift spectrum in CDCl 3 solvent of the 4-ethoxy-2-methyl-5-(4-morpholinyl)-3(2H)-pyridazinone molecule given in Fig. 3 
4.4.UV-vis absorption and FMOs analysis
The experimental UV-vis in ethanol (EtOH) solvent (in Fig. 5a ) and the simulated at the HSEH1PBE/6-311++G(d,p) level spectra (in Fig. 5b ) of the title molecule are presented in Fig. 5 . Furthermore,the maximum absorption wavelengths (λ max ), excitation energies and oscillator strengths calculated by using TD-DFT/HSEH1PBE/6-311++G(d,p) level of the title molecule both in gas phase and ethanol solvent are presented in Table 4 . The major contributions to the electronic transitions were assigned with the aid of SWizard [41] and
Chemissian [42] programs. Obtained theoretical results are compared with the experimental data and given in Table 4 . On the other hand, FMOs, which are frontier molecular orbitals, the FMOs (HOMO and LUMO: the highest occupied and lowest unoccupied molecular orbitals)
are used to the assignments of these transitions.As related to properties of HOMO and LUMO, it could be said that behaves as the electron affinity and an electron acceptor. And so, the energy gap formed between HOMO and LUMO can be considered as a critical parameter and an indicator in terms of the molecular chemical stability and to identify the molecular electrical transport properties of any molecule. In this content, by using this energy gap, the molecular properties such as the chemical reactivity, polarizability, chemical hardness and softness, and electronegativity can be determined [43, 44] . and 305.98 nm, as seen in Table 4 . Therefore, it is clear from that the observed and calculated absorption bands can be attributed to the π→π*, n→π* and π→σ* transitions for the title molecule, as can be seen in Table 4 [45].
The TD-DFT/HSEH1PBE/6-311++G(d,p) calculation shows that the electronic absorption at the highest wavelength in ethanol solvent and gas phase is found at 305.98 and 303.82 nm with the contribution H→L(98%) and H→ L+1 β(96%) assigned as π→π*, respectively.These transitions are originated from pyz(88%)+4-mpl(9%)→pyz(92%)+4-mpl(5%) and pyz(85%)+4-mpl(12%)→pyz(71%)+4-mpl(27%).So these transitions play an important role in intra-molecule charge transfer (ILCT). Likewise, other band obtained at 243.23 nm in ethanol originates from in the π→π* and n→π* transitions. It can be said that these transitions are stemmed from pyz(88%)+4-mpl(9%)→pyz(75%)+4-mpl(21%) and In our study, the 3-dimensional plots ofthe title molecule at the HSEH1PBE/6-311++G(d,p) level is given in Fig. 6 . Therefore, the calculated energy gap value between the HOMO-LUMO for the title molecule is 4.07 eV at the HSEH1PBE /6-311++G(d,p) level as seen in Fig. 6 . This value exhibits a very good agreement with the calculated energy value of 4.05 eV for n→π * transition as seen in Table 4 . Fig. 6 here please
4.5.Molecular electrostatic potential (MEP)
The MEP is a crucial tool for the grasping the molecular interactions in a given molecule and provides the correlations between the molecular properties such as partial charges, dipole moments, chemical reactivity and electronegativity of molecules. At the same time, the MEP is described as the interaction energy between the charge distribution of the molecule and a unit positive test charge [46, 47] . 
4.6.NBO analysis
The NBO analysis as a powerful method serves for the explanation of intra− and inter−molecular bondings and interactions among bonds in molecular system. Furthermore, it allows to study on thehyperconjugation interactions or charge transfers (ICT) in the molecules. When the stabilization energy E (2) associated with electron delocalization between donor and acceptor in the NBO analysis has a large value, the interaction between electrondonors and electron-acceptors become intensive and makes possibile the extent of conjugation of the whole system. In this framework, the delocalization of electron density between occupied Lewis type orbitals and formally unoccupied non-Lewis orbitals correspond to a stabilizing donor-acceptor interaction. Therefore,in order to make clear the intra-and intermolecular interactions in the molecular systems, the stabilization energies of the molecules have been studied by using second-order perturbation theory. In this content, for each donor NBO (i) and acceptor NBO (j), the stabilization energy E (2) associated with electron delocalization between donor and acceptor is estimated as [48, 49] 
where q i is the donor orbital occupancy, ε i and ε j are diagonal elements (orbital energies), and F ij is the off-diagonal NBO Fock matrix element.
In our study, the results of second-order perturbation theory analysis of the Fock Matrix at the HSEH1PBE/6-311++G(d,p) levels of theory is presented in Table 5 for the title molecule. Table 5 . Similarly, the transitions between the lone pair n electrons of N15 atom in pyridazinone ring and N23 atom in morpholine ring of the title Table 5 . Likewise, the σ*→σ* transition was observed between C14-N15 and N12-N15 bonds for the title molecule. Table 6 shows the calculated values of total static dipole moment µ, the mean polarizability<α>, the anisotrotpy of the polarizability ∆α and the mean first hyperpolarizability <β> which form the molecular polarizibilities of the title compound at the HSEH1PBE/6-311++G(d,p) level, respectively. As seenin Table 6 , the µ in Dedye, <α> and ∆α in 10 -24 esu, and < β > in 10 -30 esuwere reported. In this study, the µ, <α>, ∆α and <β> values are presented as defined in cited [49] .
Nonlinear optical (NLO) parameters
It is well-known that the < β> valueis an important factor for the NLO parameters of the molecular systems. In our work, the calculated < β> value for the title molecule was found as 4.45x10 -30 esu at the mentioned level. If no experimental measurements have been made for beta of the title compound, in the NLO studies, the urea can be usually used as reference material. The NLO parameters of the molecules can be also compared with that urea [50] . In comparison this value is approximately 11.75 times greater than that of urea. Table 6 here please
5.Conclusion
In the present work, the experimental FT-IR, 1 H and 13 C NMR (in CDCl 3 ) and UV-vis Table 5 . Second-order perturbation theory analysis of Fock matrix in NBO basic corresponding to the intramolecular bonds of 4-ethoxy-2-methyl-5-(4-morpholinyl)-3(2H) pyridazinone calculated at the HSEH1PBE /6-311++G(d,p) level Table 6 . The calculated total dipol moment the mean polarizability (<α>,), the anisotropy of the polarizability (∆α, in), the mean first-order hyperpolarizability (<β>,) for 4-ethoxy-2-methyl-5-(4-morpholinyl)-3(2H) pyridazinone at the HSEH1PBE/6-311++G(d,p) level 
